Probing the Secrets of Dark Matter S tephen Hawking, an "icon of mod ern physics" [1] , was born exactly 300 years after the death of Gali leo and died earlier this year. He spent his life pondering the universe. In an interview [2] conducted by Prof. Hisashi Hirabayashi for the Japan Aerospace Exploration Agency (JAXA), Dr. Hawk ing was asked, One of the remaining grand mys teries of the universe is the prob lem of dark matter [constituting around 25% of the mass of the universe], which is invisible but exerts a gravitational force … How do you expect this problem will be solved in the time to come? Dr. Hawking answered, "[W]ith luck, we will identify the dark matter as some weak interacting particle." According to reports [3] and [4] , pu blished in Nature a few weeks before Dr. Hawking's death on 14 March, sci entists finally seem to be unraveling the nature of dark matter. As Bowman et al. [4] explain, After stars formed in the early Universe, their ultraviolet light is expected, eventually, to have pen etrated the primordial hydrogen gas and altered the excitation state of its 21cm hyperfine line. This alteration would cause the gas to absorb photons from the cosmic microwave background, produc ing a spectral distortion that should be observable today at radio frequencies of <200 MHz. Here, we report the detection of a flattened absorption profile in the skyaveraged radio spectrum, which is centred at a frequency of 78 MHz … The profile is largely consistent with expectations for the 21cm signal induced by early stars; however, the bestfitting amplitude of the profile is more than a factor of two greater than the largest predictions … [O]nly cooling of the gas as a result of interactions between dark matter and baryons seems to explain the observed amplitude.
To detect this faint signal from the young universe, only 180 million years after the Big Bang, scientists used a receiv ing antenna located in the radio quiet zone of a remote desert in Western Australia [5] . In an accompanying theoretical article [3] in Nature, Barkana argues, Our analysis also con firms that dark matter is highly nonrelativistic and at least moderately cold, and primordial velocities predicted by models of warm dark matter are potentially de tectable. These results indicate that 21cm cosmology can be used as a dark matter probe.
In a Nature opinion arti cle [6] , Dr. Lincoln Greenhill of Harvard University exulted about the discovery made by Bowman et al.: "The idea that a detectable radio signal from the cos mic dawn can be connected to the par ticle properties of dark matter suggests a potentially revolutionary angle for explor ing fundamental physics." Yet, at the same time, Dr. Greenhill urged caution [6] :
I hope that the unexpected ampli tude and line shape of the report ed absorption signal is indeed a hardwon breakthrough that reveals evidence of unexpected physics. But, it is possible that systematic errors have escaped detection by the tests that were run. Two extensions to the report ed tests include using circuitry that more precisely imitates the antenna than Bowman and col leagues' circuitry when attached to the receiver during performance TurnsTile evaluation and calibration and the cross-checking of performance models for the antenna (which are currently based on computer simulations of an tenna electromagnetics) with field measurements made when narrowband or sinusoidal signals are broadcast near the antenna. I am sure that readers will readily agree with Dr. Greenhill that, although electromagnetic simulations of antenna characteristics are great, to be really certain, nothing beats making some field measurements!
